Ideal Weyl points, which are related by symmetry and thus reside at the same frequency, could promote the deep development and utilization of the Weyl physics.
Weyl semimetals, hosting twofold linear crossing points in three-dimensional (3D) momentum space, i.e. Weyl points (WPs), have stimulated intensive and innovative research in the field of topological physics [1] [2] [3] [4] [5] [6] [7] [8] . The WP behaves as a source or sink of the Berry curvature flux, and carries topological charge with a value of +1 or −1 [3] . The existence of WPs needs to break the spatial inversion or time-reversal symmetries. Generally, there exists at least two WPs in the system with time-reversal symmetry broken, while the minimal number is four in the presence of time-reversal symmetry [9] . Because of their topological nature, WPs coming in pairs give rise to a variety of intriguing properties, such as nonclosed Fermi-arc surface dispersions [1] [2] [3] and chiral anomaly [10] [11] [12] [13] [14] [15] . In particular, WPs described by all the three Pauli matrices are stable against small perturbations [16] . Therefore, the topological phase transition in Weyl semimetal is much less explored.
There are two types of WPs: the type-I WP has a point-like Fermi surface, while the type-II WP hosts a strongly tilted cone dispersion and possess a conical Fermi surface [17] [18] [19] [20] . This feature enables the type-II Weyl semimetal to exhibit numerous unique properties, including anisotropic chiral anomaly [21, 22] and antichiral Landau level [17, 23] . The WPs, of both the type-I and type-II, have been achieved in condensed matter systems [24] [25] [26] [27] [28] [29] [30] [31] and artificial periodical structures, such as photonic crystals [32] [33] [34] [35] [36] and phononic crystals (PCs) [37] [38] [39] [40] [41] [42] [43] . However, these WPs are not at the same energy, making a serious restriction for realizing and utilizing the unique properties induced by the WPs [9, [44] [45] [46] . To overcome this problem, recently, the concept of ideal WPs, which are related by symmetry and thus reside at the same energy, is proposed [9, [44] [45] [46] . But all of the WPs referred to, belong to the first type or type-I, and therefore the ideal WPs of the second type or type-II are still beyond discovery.
In this work, we design a 3D PC, which hosts four ideal type-II WPs protected by To study the evolution of these type-II WPs in our PCs, we calculate the bulk band structures at ( , ) = ( 2 √3 , −
) as functions of and , as plotted in Fig. 2 Fig. 2(b) . Because of the 3ℎ symmetry, the band structure as a function of satisfies the periodicity of 120°. As the system has the mirror symmetry of the = 0 plane at = 0°, the topological phase for < 0° keeps the same as that for its positive counterpart, thus only the topological phase for 0°< < 60° is shown in Fig. 2 . The topological properties of this system can be Weyl semimetal was predicted to give rise to the Fermi-arc surface states. The
Fermi-arc surface states exist at the interface between the phase II and other two phases, because of the nontrivial topology described by K ( ). Considering a zigzag interface formed by the PCs with = 20° (phase I) and = 35° (phase II) along the direction, the projected band structure for = 0 is calculated in Fig. 3(a) . The projected bulk bands are denoted by the black lines, and the dispersions of surface waves are labelled by the red lines. This is consistent with the phase diagram shown in 5 Fig. 3(d) , in which these two PCs possess different valley Chern numbers at = 0 and the difference between them is ±1. However, for = ℎ ⁄ , these two PCs have the same topology resulting in no surface states, as shown in Fig. 3(b) . The Fermi arc, i.e., equi-frequency contour, at the frequency = 10 kHz is plotted in Fig. 3(c) . The and 3(f), for the same topological reason ( Fig. 3(h) ). The Fermi arc connects the two WPs by a new way, as shown in Fig. 3(g) . Therefore, the configuration of Fermi arc can be manipulated by changing the interface.
Finally, we study the surface states along the interface between the two valley Fig. 4(d) . The directions of group velocities in channels 1, 2, 4 are shown in Fig. 4(a) , while those in channel 3 are shown in Fig. 4(b) . The incident waves from channel 1 only enter into channel 2 and 4, because of the valley-momentum locking. Dramatically, the sound waves mainly propagate to channel 4 with a sharp turn, since the surface states near a sharp turn can be coupled more easily, similar to the partition of the edge states in the 6 two-dimensional topological system [47] [48] [49] . The surface waves also split into two parts along the z direction, coming from the specific dispersions.
In conclusion, we realize by design for the first time the ideal type-II WPs, which provides special advantages to explore the intriguing properties of type-II Weyl 
